Recent observations from Africa have rekindled interest in the role of serum bactericidal antibodies in protecting against systemic infection with Salmonella enterica serovar Typhimurium. To determine whether the findings are applicable to other populations, we analyzed serum samples collected from healthy individuals in the United States. We found that all but 1 of the 49 adult samples tested had robust bactericidal activity against S. Typhimurium in a standard in vitro assay. The activity was dependent on complement and could be reproduced by immunoglobulin G (IgG) purified from the sera. The bactericidal activity was inhibited by competition with soluble lipopolysaccharide (LPS) from S. Typhimurium but not from Escherichia coli, consistent with recognition of a determinant in the O-antigen polysaccharide. Sera from healthy children aged 10 to 48 months also had bactericidal activity, although it was significantly less than in the adults, correlating with lower levels of LPS-specific IgM and IgG. The lone sample in our collection that lacked bactericidal activity was able to inhibit killing of S. Typhimurium by the other sera. The inhibition correlated with the presence of an LPS-specific IgM and was associated with decreased complement deposition on the bacterial surface. Our results indicate that healthy individuals can have circulating antibodies to LPS that either mediate or inhibit killing of S. Typhimurium. The findings contrast with the observations from Africa, which linked bactericidal activity to antibodies against an S. Typhimurium outer membrane protein and correlated the presence of inhibitory anti-LPS antibodies with human immunodeficiency virus infection.
G
astroenteritis caused by nontyphoidal Salmonella (NTS) infection is a major public health problem in Africa, with an estimated disease burden of 2.5 million cases and 4,100 deaths per year (1) (2) (3) . Moreover, invasive NTS disease, specifically, septicemia caused by Salmonella enterica serovar Typhimurium, is an important cause of infant morbidity and mortality in sub-Saharan Africa, with case fatality rates as high as 24% (1, 2) . Understanding the immunological mechanisms that protect against invasive disease caused by NTS is essential to developing effective vaccines against this potentially devastating infection. Although protection is usually thought to depend mainly on cell-mediated immunity (4) , recent clinical data have rekindled interest in the role played by antibodies. Serum antibodies that are able to mediate in vitro, complement-dependent killing of various bacteria, including S. Typhimurium, have been studied for a long time, but evidence of their importance in protection against in vivo infection has been scanty (5) . This issue has received renewed interest as a result of recent studies from Malawi. These studies demonstrated that most healthy individuals older than 16 months had serum IgM and IgG antibodies that killed S. Typhimurium in vitro in a complement-dependent fashion but that healthy children below this age lacked such bactericidal antibodies, observations that correlated with the declining occurrence of NTS bacteremia in patients above the age of 12 months (6) . The anti-Salmonella antibodies also facilitated bacterial killing by promoting the oxidative burst activity of circulating phagocytes (7) . Further evidence of the importance of serum bactericidal antibodies in protection against S. Typhimurium was provided by data showing that the effect of these antibodies was inhibited in human immunodeficiency virus (HIV)-infected African adults, a population that is unusually susceptible to NTS bacteremia (3, 8) . The inhibition was shown to be mediated by high levels of IgG antibodies to the O antigen of S.
Typhimurium lipopolysaccharide (LPS) present in the sera of the HIV-infected individuals, which were proposed to prevent the action of bactericidal anti-outer membrane protein antibodies present in HIV-uninfected adults (8, 9) .
Although there have been many studies carried out to characterize the molecular basis of the susceptibility and resistance of S. Typhimurium to killing by human serum, most have made use of pooled sera and have focused on the role of complement (10) . One of the few analyses of individual sera, apart from the recent ones from Malawi, compared bactericidal activities against S. Typhimurium in healthy controls and patients with sickle cell anemia but did not examine the antigenic target of the bactericidal antibodies (11) . Thus, it is not clear whether the features of the antiSalmonella bactericidal activity delineated in Malawi-its age-dependent increase, its mediation by anti-outer membrane protein antibodies in non-HIV-infected adults, and its inhibition by high levels of anti-LPS antibodies in HIV-infected adults (6, 8) -are peculiar to that country or whether they are applicable to other populations. It is of particular interest and importance to determine if the findings from Africa can be extended to a high-income country such as the United States, where the burden of NTS disease is considerably lower (about 1.4 million infections and 400 deaths per year) (12) . Accordingly, we carried out a study to char-acterize serum bactericidal activity against S. Typhimurium in healthy individuals from the United States. Our results confirmed some of the observations from Africa, including the wide prevalence of the bactericidal activity and its increase with maturation from child to adult, but also revealed unexpected differences regarding the roles of anti-LPS antibodies in both mediating and inhibiting the killing of S. Typhimurium.
MATERIALS AND METHODS
Blood samples. Deidentified serum and plasma samples from the United States were provided by the Partners Biorepository under protocol number 2012-P-000484/1. The samples were collected from healthy adults (18 to 75 years of age) and children (6 months to 5 years of age) during routine medical checkups by their primary care providers at Massachusetts General Hospital. Aliquots of excess serum that otherwise would have been discarded were selected by the staff of the biorepository using International Statistical Classification of Diseases and Related Health Problems (ICD-9) codes V70.0 ("routine general medical examination at a health care facility") and V20.2 ("routine infant or child health check"). Based on the time required for identification and selection, the samples spent 12 to 16 h at 4°C before being stored at Ϫ80°C until use. The protocol was reviewed by the Human Research Committee of Massachusetts General Hospital and deemed not to meet the definition of human subject research.
Bacterial strains. The S. Typhimurium strains SL1344 (wild type, mouse and calf virulent), SL3201 (wild type, mouse virulent), F98 (wild type, chicken isolate), JS107 (wild-type derivative of strain 14028, a chicken isolate), JS93 (the isogenic oafA-deficient derivative of JS107), and the S. enterica serovar Dublin strain 2229 have all been described previously (13) (14) (15) (16) (17) . SL1344, SL3201, and 2229 were originally obtained from Beth McCormick, University of Massachusetts Medical Center, Worcester, MA, and F98 was obtained from Edouard Galyov, Institute for Animal Health, Berkshire, United Kingdom. JS107 and JS93 were provided for this study by James Slauch, University of Illinois, Urbana, IL. In addition, a human isolate of S. Typhimurium DT104, strain ATCC BAA-189, was obtained from the American Type Culture Collection, Manassas, VA (18) . Bacteria were grown overnight in Luria-Bertani (LB) broth at 37°C with vigorous agitation on a rotary shaker. The saturated cultures were back-diluted 1/100 into fresh LB broth and then grown to an optical density at 600 nm of 0.1 to 0.15. The bacteria were harvested by centrifugation, washed with phosphate-buffered saline (PBS), and resuspended in PBS at a density of approximately 2 ϫ 10 6 CFU per ml based on preliminary titering experiments.
Bactericidal assay. Killing of Salmonella by serum or plasma was assessed essentially as described by MacLennan et al. (6) . In brief, 5 l of bacterial suspension prepared as described above (containing approximately 10 4 CFU) was incubated with 22.5 l of serum or plasma and 22.5 l of PBS at 37°C for 1 h. The number of bacteria surviving at the end of that period was determined by serial dilution of the reaction mix and plating on LB agar and are displayed as log 10 numbers of CFU in the figures. LPS competition was carried out as described previously (8) by preincubating sera or plasma for 30 to 60 min at room temperature with 100 g/ml of purified LPS from either S. Typhimurium or Escherichia coli (O111:B4) before they were tested for bactericidal activity. Both LPS preparations were obtained from List Biological Laboratories, Inc., Campbell, CA (catalog number 225 or 201, respectively). To test the role of antibody in the bactericidal activity, IgG was purified from 100-l aliquots of individual sera using the Melon Gel IgG purification kit (Thermo Scientific, Rockford, IL) according to the manufacturer's directions. Approximately 90% pure IgG was obtained as indicated by protein staining (not shown). The purified IgGs were used in the bactericidal assay at concentrations comparable to those of the parental sera along with a source of human complement (nonbactericidal serum depleted of anti-Salmonella antibodies as described below). To test for inhibitory activity, 22.5 l of bactericidal serum or plasma was mixed with an equal volume of the nonbactericidal sample and then incubated at 37°C for 1 h with 5 l of bacterial suspension. The number of surviving bacteria was determined as described above.
Hemolytic complement assay. We estimated hemolytic complement activity in our samples using a published microassay that has been shown to have good correlation with the traditional CH50 titration method (19) . In brief, 50-l aliquots of serum or plasma were incubated with 150 l of antibody-coated sheep erythrocytes suspended at 5 ϫ 10 8 cells per ml in gelatin-veronal buffer (Complement Technology Inc., Tyler, TX) for 30 min at 37°C in a microtiter plate. In addition, 50 l of human serum complement (Sigma-Aldrich, St. Louis, MO; derived from pooled normal human plasma; CH50 of 41 units/ml) was assayed in parallel to provide a reference hemolytic activity. The negative control consisted of 50 l of gelatin-veronal buffer instead of serum or plasma, while 50 l of serum plus 150 l of buffer was used as the blank. At the end of 30 min, the plate was vortexed briefly and the absorbance at 700 nm (A 700 ) read as an indicator of the number of nonhemolyzed erythrocytes left in the reaction. The difference in A 700 between the negative control and the test or reference sample provides a measure of hemolytic activity. The hemolytic activity of the individual serum or plasma samples was calculated as a percentage of the activity of the reference sample as follows: A 700 of negative control -A 700 of test sample/A 700 of negative control -A 700 of reference sample ϫ 100.
Absorption of anti-Salmonella antibodies from serum. One and one-half milliliter of an overnight saturated culture of either SL1344 or 2229 was spun down, and the bacterial pellet was washed with PBS and resuspended in 0.5 ml of the serum sample. The samples were incubated for 1 h at 4°C with gentle rotation. After the bacteria were spun down, the supernatant serum was filter sterilized by passage through a 0.22-m filter and stored at Ϫ80°C until use.
Enzyme-linked immunosorbent assay (ELISA) for serum antibodies. To detect S. Typhimurium LPS-specific antibodies, we used procedures that we have described in detail earlier (20) . Immulon II microtiter plates were coated with S. Typhimurium LPS diluted in PBS at a concentration of 10 g/ml, washed, blocked, and then incubated overnight at 4°C with triplicate aliquots of sera diluted 500-fold in PBS. The plates were developed with horseradish peroxidase-conjugated secondary antibodies specific for human IgM or human IgG (BD Biosciences, San Jose, CA), followed by an o-phenylenediamine substrate. The intensity of color change was measured at 490 nm in a plate reader.
Total serum IgM, IgG, and IgA were measured using ELISA kits from eBioscience (San Diego, CA) and by following the manufacturer's guidelines.
Flow cytometry of bacteria. To examine IgM binding to bacteria, 5 l of PBS containing 10 7 CFU of mid-log-phase SL1344 was incubated for 30 min on ice with 12.5 l of undiluted serum and 12.5 l of PBS. After the bacteria were washed, bound IgM was detected by a biotinylated antihuman IgM antibody followed by Cy5-conjugated streptavidin (BD Biosciences, San Jose, CA). Analysis of fluorescence was carried out on an Accuri C6 flow cytometer. Examination of complement deposition on the bacterial surface was carried out similarly except that the initial incubation with serum was at 37°C for 15 min. The presence of activated complement on the bacteria was detected using a mouse antibody specific for the activated terminal complement components C5b to 9 (aE11; Abcam, Cambridge, MA) followed by a fluorescein-conjugated anti-mouse IgG antibody and flow cytometric analysis.
Statistical analysis. Results from groups of serum or plasma samples are displayed as scattergrams, with each symbol representing an individual sample and a horizontal line the median of the group. Intergroup differences were analyzed by the Mann-Whitney U test using Prism v3.0 (GraphPad Software, Inc., La Jolla, CA). A P value of Ͻ0.05 was considered to be significant. Specific P values corresponding to the asterisks in the figures are provided in the figure legends.
RESULTS
Deidentified serum or plasma samples from healthy adults (18 to 75 years old), obtained during routine health maintenance visits at a Boston hospital, were used to assess bactericidal activity against the S. Typhimurium strain SL1344 as described in Materials and Methods. Although SL1344 has been reported to be resistant to the bactericidal activity of human serum (21), the results from the first 32 of our samples clearly demonstrated that incubation of the bacteria with the serum or plasma for 1 h resulted in a statistically significant 1-to 2-log drop in the number of CFU (relative to the starting inoculum of 10 4 CFU), whereas incubation with PBS alone or human complement alone (serum depleted of anti-Salmonella antibodies by preabsorption) did not lead to a decrease in bacterial number (Fig. 1A and data not shown) . Similar bactericidal activity was obtained with an additional 16 out of 17 samples examined and was abolished when the sample was heated to 56°C for 30 min (data not shown). To confirm that the handling and storage of our samples had not compromised their complement activity, we assayed their ability to lyse antibody-coated sheep erythrocytes. Most of the samples tested had hemolytic complement activity that was equal to or greater than the activity of the reference complement used in the assay (pooled human plasma), while the remainder had activity that ranged from 84 to 99% of the reference activity (Fig. 2) . This distribution of activities is very similar to results obtained by others using randomly selected human serum samples (12) . Taken together, our findings indicate that complement is functionally intact in our samples. Sera from 10 healthy Boston children aged 10 to 48 months were also able to kill S. Typhimurium, but the reduction in bacterial numbers was significantly less than that achieved by the adult sera (Fig. 1A) . The reduced bactericidal activity of the pediatric samples was not related to a deficiency of complement, since the hemolytic complement activities of these samples did not differ significantly from those of the adults (Fig. 2) (P ϭ 0.39) . We also tested the sera against 3 additional strains of S. Typhimurium, JS107, SL3201, and F98, that have origins and virulence characteristics distinct from SL1344's (13) (14) (15) (16) (17) and obtained similar results (data for JS107 are shown in Fig. 5; SL3201 and F98 results are not shown) . Moreover, when we tested 30 of the adult sera against a human isolate of S. Typhimurium (BAA-189 [18] ), the bacteria were killed as effectively as were the laboratory strains by all of the samples (Fig. 1B) . Adult sera and SL1344 were used in most of the experiments described here except where specifically indicated. To evaluate the role of antibody in the bactericidal activity, IgG was purified from 4 of the sera and tested in the presence of a source of complement (nonbactericidal human serum depleted of anti-Salmonella antibodies by preabsorption with SL1344 as described in Materials and Methods). All 4 purified IgGs were able to kill Salmonella in the presence of this source of complement (Fig.  3) but not when complement was inactivated by heating it to 56°C (data not shown).
We considered the possibility that the antigenic target of the bactericidal activity was LPS since both IgM and IgG antibodies to S. Typhimurium LPS were readily detectable in the adult sera and were appreciably reduced in the pediatric samples (Fig. 4A) . Consistent with this possibility, preincubation of the adult sera with an excess of purified S. Typhimurium LPS completely inhibited the bactericidal activity (Fig. 4B) . LPS preincubation also inhibited the bactericidal activity of the pediatric samples against SL1344, as well as of the adult sera against the human isolate BAA-189 (data not shown). Interestingly, LPS from E. coli did not inhibit serummediated killing of Salmonella (Fig. 4B) , suggesting that the bactericidal antibodies are specific for an epitope in the outer polysaccharide (O antigen), the region that structurally distinguishes different types of Gram-negative LPSs (22) . S. Typhimurium belongs to serogroup B and has an O antigen made up of repeats of the tetrasaccharide abequose-mannoserhamnose-galactose (23) . In some strains of S. Typhimurium, including SL1344, the 2-hydroxyl group of the abequose moiety in the O antigen is acetylated, causing conformational changes that can affect antibody binding (16, 24) . To determine if the serum bactericidal activity might be affected by such acetylation, we tested adult sera against the wild-type S. Typhimurium strain JS107 and its isogenic mutant derivative JS93, which is deficient in the oafA locus required for abequose acetylation (16) . All the tested sera were effective against JS107, whereas 2 of them had clearly reduced or no activity against JS93 (Fig. 5) . The results indicate that abequose acetylation affected the bactericidal activity of only a small proportion of the sera.
One sample in our collection (designated NB for "nonbactericidal") completely lacked bactericidal activity against SL1344 (Fig.  6A ) despite having S. Typhimurium LPS-specific IgM and IgG levels comparable to those in the bactericidal sera (Fig. 6B ). This sample also had hemolytic complement activity that was similar to that of the bactericidal samples, as well as levels of complement that were sufficient to restore the killing of S. Typhimurium by heat-inactivated bactericidal sera (Fig. 2 and data not shown) . Interestingly, NB was able to inhibit the activity of the bactericidal samples when equal volumes of the 2 types were mixed together (Fig. 6A) . The inhibitory effect was abrogated when NB was depleted of anti-Salmonella antibodies by preabsorption with the S. Typhimurium strain SL1344 but not with the S. Dublin strain 2229 (Fig. 6A) . We tested if the preabsorption with the 2 strains might have differential effects on the presence of antibodies to S. Typhimurium LPS, since one of the differences between S. Typhimurium and S. Dublin is in the compositions of their LPS O antigens. As mentioned above, S. Typhimurium has an O antigen made up of repeats of the tetrasaccharide abequose-mannoserhamnose-galactose (Kaufmann-White O-antigen designation 1,4,5,12), whereas S. Dublin (serogroup D) has an O antigen with repeats of the tetrasaccharide tyvelose-mannose-rhamnose-galactose (Kaufmann-White O-antigen designation 1,9,12) (23). Indeed, we found by ELISA that preabsorption of NB with SL1344 produced a dramatic decrease in the levels of S. Typhimurium LPS-specific IgM but that preincubation with 2229 had little or no effect in this regard (Fig. 7A) . Consistent with this result, we found corresponding differences in the amounts of IgM bound to the surface of SL1344 by flow cytometry (Fig. 7B) . Equivalent reductions in S. Typhimurium LPS-specific IgG levels were observed after preabsorption with either of the 2 strains (Fig. 7A) . Taken together, these findings suggest that it is the S. Typhimurium LPSspecific IgM that mediates the inhibitory effect of NB.
Finally, to elucidate the mechanism of the inhibitory effect, we used flow cytometry to examine the amount of complement deposited on the bacterial surface by bactericidal sera in the presence or absence of NB. The results for one of the bactericidal sera is shown in Fig. 8 . They demonstrate clearly that, compared to PBS, the bactericidal serum alone induced the deposition of an appreciable amount of activated complement on the bacterial surface. This effect was almost completely lost when the serum was heat inactivated. NB alone did not induce deposition of complement and also inhibited complement deposition by the bactericidal serum. Similar results were obtained with 3 other bactericidal sera (data not shown). These findings suggest that the inhibitory effect of NB on bactericidal activity is the result of reduced deposition of activated complement on the bacterial surface.
DISCUSSION
Like the findings from Africa (6, 8) , our results indicate the widespread occurrence of complement-dependent, antibody-mediated bactericidal activity against S. Typhimurium in sera from healthy adults in the Boston area, as well as an age-dependent increase in this activity during maturation from child to adult. However, in contrast to the results from Africa, the bactericidal antibodies in our study appear to be directed against S. Typhimurium LPS rather than outer membrane proteins. Our data also indicate that the bactericidal antibodies discriminate between LPS from S. Typhimurium and E. coli, suggesting that the antibodies recognize a determinant in the outer polysaccharide of LPS (22, 23) . The bactericidal activities of 2 of our samples appeared to be affected by acetylation of the abequose residue in the LPS outer polysaccharide, suggesting fine differences in antigen specificity within our collection. IgG purified from our samples was sufficient to recapitulate the bactericidal activity in the presence of complement, but it is likely that IgM also contributes to the activity, since LPS-specific antibodies of both isotypes were detected. Our results, as well as those from Malawi, suggest that an agedependent increase in exposure to a ubiquitous environmental antigen induces serum antibodies that react with S. Typhimurium. In developing countries such as Malawi, where the population may have limited access to protected food and water sources, such exposure may well correspond to subclinical or clinical infection with S. Typhimurium itself. Whether asymptomatic or symptomatic infection with S. Typhimurium accounts for the al- most-universal presence of the bactericidal antibodies in our U.S. adult population is open to question, but it is a possibility that needs to be considered. Certainly, there are multiple animal reservoirs of NTS, including pet reptiles and amphibians, that may act as sources of human infection, particularly in children (25, 26) , and both epidemic and sporadic gastroenteritis caused by S. Typhimurium is not uncommon in the United States (1). Asymptomatic carriage of Salmonella is also a potential outcome of infection, as has been documented in Sweden, although the exact prevalence of subclinical infection is not known (27, 28 ). An alternative possibility is that the bactericidal antibodies detected in our study develop as a result of exposure to a cross-reactive LPS. LPS is present widely in the external environment and is also a component of the commensal microflora present within the gastrointestinal tract (29, 30) . Exposure and immunological sensitization to LPS is thus likely to be a characteristic of most populations. Indeed, serum IgM, IgA, and IgG antibodies to surface antigens of a number of different gut commensal bacteria have been observed in healthy individuals (31) . Taking these facts into consideration, it seems plausible that the bactericidal antibodies detected in our study represent a response to some source of LPS present in either the external or the internal (commensal) environment and that these antibodies fortuitously cross-react with S. Typhimurium LPS. Evidence in support of this idea is provided by observations showing that human volunteers fed a commensal E. coli strain developed cross-reacting serum bactericidal anticapsular antibodies against Haemophilus influenzae type b (32, 33) .
There may be a number of explanations, not mutually exclu- sive, for the intriguing differences between our findings and the data from Africa with respect to the antigen targeted by the bactericidal antibodies (LPS in the case of the United States and outer membrane proteins in Malawi). First, the S. Typhimurium strains circulating in Africa are genetically different from the ones circulating in the United States (34, 35) . Second, as discussed above, it is possible that the bactericidal antibodies in the United States develop as a result of sensitization by environmental LPS but that they may develop as a result of subclinical infection with S. Typhimurium in Malawi. These circumstances may account for the difference in the antigen specificities of the bactericidal antibodies detected in the 2 locations. It should also be noted that different S. Typhimurium strains were used to test bactericidal activity in the 2 sets of studies. Microheterogeneities in the polysaccharide compositions of LPSs have been described even within the same serotype (36) , and it is possible that such variations affect antibody binding and function, especially since the exact epitope to which antibody binds may alter bactericidal activity (5, 8) . In this context, it may be relevant that recent experiments have shown that antibody-mediated killing of the S. Typhimurium isolate used to assess bactericidal activity in the Malawi study required unusually large amounts of complement (37) . This characteristic may also contribute to the differences from our results. The importance of serum bactericidal antibodies in protection against NTS sepsis in humans is supported by circumstantial evidence. Studies in the mouse model of infection indicate that both humoral and cell-mediated immunity contribute to defense against S. Typhimurium, although the role of T cells is generally considered to be more crucial (4) . The strong correlation between the presence of serum bactericidal activity and resistance to NTS sepsis observed in the studies from Malawi certainly strengthens the idea that antibodies have an important role to play in protection against invasive S. Typhimurium infection (6) (7) (8) . The agedependent increase in bactericidal activity observed in our study is consistent with the results from Malawi and provides further support for this idea.
Only a single sample in our collection, NB, lacked bactericidal activity. This sample was able to abolish the killing of S. Typhimurium by the bactericidal sera, similar to the inhibitory effect observed with sera from HIV-infected African adults (8) . However, our collection, including NB, was derived from healthy individuals without known acute or chronic illnesses. Moreover, NB did not have the hypergammaglobulinemia seen in the inhibitory sera from HIV-infected African adults (8) . The IgM, IgG, and IgA concentrations of NB were 1.83 mg/ml, 3.04 mg/ml, and 1.87 mg/ml, respectively, which were comparable to the values for 7 randomly selected bactericidal samples from our collection (IgM, 2.11 Ϯ 1.05 mg/ml; IgG, 5.28 Ϯ 2.61 mg/ml; IgA, 2.19 Ϯ 1.60 mg/ml) and were not above the normal range for adults (38) . These findings suggest that the presence of the inhibitory activity may not be unique to the HIV-infected population and may simply represent a normal, albeit relatively rare, variation. Based on preabsorption experiments and the analysis of complement deposition on the bacterial surface, the inhibitory effect of our sample appears to be mediated by LPS-specific IgM antibodies that are unable to induce complement activation. These antibodies are probably directed against an LPS O-antigen epitope that is expressed specifically by S. Typhimurium, since they are removed by preabsorption with S. Typhimurium (Kaufmann-White O-antigen designation 1,4,5,12) but not S. Dublin (Kaufmann-White O-antigen designation 1,9,12) (23). However, we cannot definitively exclude the involvement of antibodies against S. Typhimurium-specific surface antigens other than LPS. Presumably, the binding of these inhibitory antibodies blocks the binding of the complement-activating bactericidal antibodies to the same region (if not the same epitope or overlapping epitopes). This presumptive mechanism of inhibition appears to be different from that operating in the sera of HIV-infected African adults, since complement activation and deposition on the Salmonella surface occurred normally in that population (8) .
Since IgM is normally a robust activator of complement, it is not clear why the LPS-specific IgM in our nonbactericidal sample fails to activate complement. Glycosylation of the IgM heavychain constant region is known to affect complement activation (39) (40) (41) , so it is possible that peculiarities of the oligosaccharides attached to the LPS-specific IgM in the nonbactericidal sample may be responsible for its failure to activate complement. Such variations, as well as the other differences in bactericidal activity revealed by our study and the studies from Africa, may contribute to interindividual and interpopulation differences in susceptibility to S. Typhimurium. Clarifying these issues will increase our understanding of the pathogenesis of NTS sepsis and facilitate the development of strategies to prevent this disease.
